Cardiovascular disease (CVD) mortality rates are increased in people with impaired glucose tolerance (IGT) [1±6]. This observation suggests that hyperglycaemia is associated with CVD, although it does not necessarily confirm that glucose intolerance in itself is causal in CVD [5] . Impaired glucose tolerance is a frequently observed condition and its prevalence varies widely depending upon the population studied. Its prevalence can be as high as 37 % in Finns and South Asian immigrants [6, 7] . Determinants of IGT have been the topic of several investigations and include age, obesity (total and central), family history of Type II (non-insulin-dependent) diabetes mellitus, physical inactivity and high triglyceride concentrations [7] . Impaired glucose tolerance is known to be a powerful risk factor for Type II diabetes, with 20±50 % of people with IGT developing Type II diabetes ten years after IGT diagnosis [7] . Subjects with IGT have been shown to be abdominally obese [8±10]. An IGT state has also been associated with alterations in plasma lipid-lipoprotein concentrations [11±14]. Subjects with IGT are therefore Diabetologia (2000) Abstract Aims/hypothesis. Impaired glucose tolerance is associated with metabolic alterations which increase cardiovascular disease risk. The contribution of hyperglycaemia to this increased risk is, however, not clear. Abdominal obesity is often observed in subjects with impaired glucose tolerance; our objective was therefore to find the contribution of visceral adipose tissue to the deterioration of the metabolic risk profile noted in subjects with impaired glucose tolerance. Methods. We studied 284 men with a normal glucose tolerance and 66 men with impaired glucose tolerance which was defined as a glycaemia between 7.8 and 11.1 mmol/l 2 h after a 75-g glucose load.
likely to have many features of the plurimetabolic syndrome resulting from insulin resistance. Prediabetic subjects have been reported to have an atherogenic pattern of metabolic risk factors, characterized by higher concentrations of total and LDL-cholesterol, triglyceride, fasting glucose and insulin, 2-h glucose, higher body mass index (BMI) and blood pressure as well as by lower concentrations of HDL-cholesterol, which can be present for many years before diabetes onset [15] . Thus, this cluster of concomitant metabolic alterations found in IGT could contribute to exacerbate the risk of macrovascular disease as much as the duration of clinical diabetes itself [15] . Accordingly, possibly the presence of the complete plurimetabolic syndrome rather than hyperglycaemia alone largely explains the increased CVD risk in people with IGT, prediabetic and diabetic states.
It is also well documented that some people with excessive visceral adipose tissue (AT), despite a normal glucose tolerance (NGT) state, present numerous complications such as an atherogenic dyslipidaemia, hyperinsulinaemia and hypertension, leading to the development of CVD [16±19]. It is not known whether the metabolic risk profile of viscerally obese people with a NGT differs from those with IGT. Some studies have compared diabetic with non-diabetic subjects with similar BMI to sort out the contribution of obesity to the deterioration in the plasma lipid-lipoprotein profile observed in a diabetic state [12, 20] . It was found that even after controlling for obesity levels, subjects with diabetes still had higher plasma concentrations of triglycerides and lower HDL-cholesterol concentrations than non-diabetic subjects. It therefore seems that the greater degree of obesity, typical of hyperglycaemic states, does not fully account for the deterioration in the risk profile of hyperglycaemic patients. It is possible that the residual difference in the metabolic profile could be explained by the hyperglycaemic state in itself or by differences in body fat distribution, which are not corrected for when controlling for BMI. The aim of our study was therefore to investigate the contribution of visceral AT, measured by computed tomography (CT), to the deterioration of the metabolic risk profile in subjects with IGT. We studied 284 men with NGT [mean age: 39.4 11.8 (SD) years] and 66 men with IGT (47.4 9.0 years). The two groups were compared before and after a control for their visceral AT accumulation.
Subjects and methods
Subjects. We recruited 350 men from the QuØbec City metropolitan area by solicitation through different newspapers between 1987 and 1998. Subjects were between 18 and 68 years of age. Participants were selected to cover a wide range of BMI values (17.9±42.2 kg/m 2 ). These subjects were tested as part of an ongoing project studying the associations between obesity, body fat distribution and risk factors for Type II diabetes and cardiovascular disease. All subjects were healthy, nonsmoking volunteers and were not receiving treatment for coronary heart disease, diabetes, dyslipidaemias or endocrine disorders. We considered there was IGT with a glycaemia between 7.8 and 11.1 mmol/l 2 h after a 75-g glucose test as recommended by the expert committee on the diagnosis and classification of diabetes mellitus [21] . All participants signed an informed consent document approved by the Laval University Medical Ethics Committee.
Anthropometric measurements. The hydrostatic weighing technique [22] was used to measure body density which was obtained from the mean of six measurements. Pulmonary residual volume was measured before immersion in the hydrostatic tank, using the helium dilution method of Meneely and Kaltreider [23] . The per cent body fat was derived from body density using the equation of Siri [24] . Height, body weight, waist and hip circumferences were measured according to the procedures recommended at the Airlie Conference [25] and the waist-to-hip ratio was calculated.
Computed tomography (CT). Measurements of abdominal AT areas were made by CT with a Siemens Somatom DHR scanner (Erlangen, Germany) as described previously [26] . Briefly, the subjects were examined in the supine position with both arms stretched above the head. The CT scan was done at the abdominal level between L4 and L5 vertebrae, a scout radiograph of the skeleton being used as a reference to establish the position of the scan to the nearest millimetre. Total abdominal AT area was calculated by delineating the abdominal scan with a graph pen and then by computing the AT surface area using an attenuation range of ±190 to ±30 Hounsfield units. The abdominal visceral AT area was measured by drawing a line within the muscle wall surrounding the abdominal cavity. The abdominal subcutaneous AT area was calculated by subtracting the visceral AT area from the total abdominal AT area.
Plasma lipid-lipoprotein profile. Blood samples were collected from an antecubital vein into vacutainer tubes containing EDTA after a 12-h overnight fast for the measurement of plasma lipid and lipoprotein concentrations. Cholesterol and triglyceride concentrations were measured in plasma and lipoprotein fractions using an analyser Technicon RA-500 (Bayer, Tarry Town, N. Y., USA) and enzymatic reagents were obtained from Randox (Randox Laboratories, Crumlin, UK). Plasma VLDL [density (d) < 1.006 g/ml) were isolated by ultracentrifugation [27] . The HDL fraction was obtained after precipitation of LDL in the infranatant (d > 1.006 g/ml) with heparin and MnCl 2 [28] . The cholesterol and triglyceride content of the infranatant were measured before and after the precipitation step. The apolipoprotein (apoB) concentration was measured in plasma and in the LDL fraction by the rocket immuno-electrophoretic method of Laurell [29] as described previously [30] . Lyophilized serum standards for apoB measurements were prepared in our laboratory, calibrated with reference standards obtained from the Centres [31] , whereas plasma insulin was measured by radioimmunoassay with polyethylene glycol separation [32] . The total glucose and insulin areas under the curve during the OGTT were measured with the trapezoid method.
Variables of insulin-glucose homeostasis. To characterize insulin sensitivity and insulin secretion capacity, we have used the homeostasis model assessment (HOMA model) formula to estimate beta-cell function and insulin resistance as described previously [33] :
Beta-cell function = (20 fasting insulin) / (fasting glucose ± 3.5) Insulin resistance = (fasting insulin fasting glucose) / 22. 2 or more with high visceral AT accumulation. For similar fat mass between the NGT with low visceral AT, NGT with high visceral AT and men with IGT, these groups were paired for fat mass on a group basis. Comparisons among subgroups were done by analysis of variance using the general linear model and the Duncan post hoc test was used in situations where a statistically significant group effect was observed. Pearson correlation coefficients were computed to quantify the associations among variables. The chi-squared test was used to compare: firstly the prevalence of high visceral AT area (³ 130 cm 2 ) between men with NGT and men with IGT and secondly the prevalence of IGT between men with low visceral AT area (< 130 cm 2 ) and men with high visceral AT area (³ 130 cm 2 ). Some variables were not normally distributed (HDL-cholesterol, HDL 2 -cholesterol, triglycerides and apolipoprotein AI). For these variables, analyses were done on their log-transformed values. All these analyses were done on the SAS statistical package (SAS Institute, Cary, N. C., USA).
Results
Subjects with IGT were characterized by increased adiposity as they have higher BMI, body fat mass, waist circumference, waist-to-hip ratio as well as higher total abdominal and visceral AT areas than subjects characterized by NGT (p < 0.0001) (Table 1). We calculated the prevalence of IGT among subjects with high visceral AT (³ 130 cm 2 ), a threshold value above which a greater likelihood of finding the cluster of metabolic abnormalities of the insulin resistance dyslipidaemic syndrome has been reported [35, 36] . We found that 32.6 % of subjects with high visceral AT accumulation were characterized by IGT. This prevalence was higher than the 5.1 % prevalence found among men with a low visceral AT accumulation (< 130 cm 2 ) (p < 0.001). We have also calculated within the group of men with IGT, the prevalence of men with high compared with low visceral AT accumulation. We found that 86.4 % of men with IGT had a visceral AT area above 130 cm 2 compared with only a 41.6 % prevalence of increased visceral AT among men with NGT (p < 0.001) (Fig. 1) .
As expected, fasting glucose, glucose area under the curve and 2-h post-OGTT glucose concentrations were higher in men with IGT than in men with NGT (p < 0.0001) ( Table 2 ). Plasma insulin concentrations measured in the fasting state and after glucose ingestion as well as indicators of insulin resistance and beta-cell function, determined using the HOMA model, were also found to be higher in men with IGT (p < 0.02) than in men with NGT. Furthermore, fasting plasma concentrations of total cholesterol, triglycerides, LDL-cholesterol, apoB and LDL-apoB, as well as the total cholesterol:HDL-cholesterol ratio were significantly higher whereas HDL-cholesterol and HDL 2 -cholesterol concentrations were significantly lower in men with IGT than in men characterized by NGT (p < 0.02). No significant differences were, however, found between the two groups for DI 30 : DG 30 ratio and for the concentrations of HDL 3 -cholesterol and apoAI.
As subjects with IGT were statistically significantly older than men characterized by a NGT, we did an adjustment for age, which failed to alter differences noted with the exception of plasma concentrations of total cholesterol and LDL-cholesterol which were no longer statistically different between the two groups (data not shown).
As expected, when univariate correlation coefficients were computed, we found that increased body fat mass and visceral AT area were associated with al- tered indices of insulin-glucose homeostasis in the total group of men. Visceral AT was significantly related to fasting insulin (r = 0.55, p < 0.0001), fasting glucose (r = 0.41, p < 0.0001), areas under the curve of insulin (r = 0.57, p < 0.0001) and glucose (r = 0.53, p < 0.0001) and the DI 30 : DG 30 ratio (r = 0.24, p < 0.0001). Furthermore, increased amounts of visceral AT were also associated with altered lipoprotein-lipid profiles. Plasma lipid and lipoprotein values varied according to visceral AT accumulation, irrespective of glucose tolerance status (Fig. 2) . We did covariance analysis to investigate the contribution of visceral AT area to the differences in the lipid-lipoprotein variables found between men with NGT and men with IGT (Tables 3, 4 ). After such an adjustment for visceral AT, body fat mass was similar between the two groups ( Table 3) . None of the differences in the indices of plasma insulin-glucose homeostasis were, however, eliminated (Table 4) , whereas differences initially found in plasma triglycerides, apoB, LDL-apoB, total cholesterol:HDL-cholesterol ratio, HDL-cholesterol and HDL 2 -cholesterol were no longer observed after adjustment for visceral AT area.
We divided the group of men with NGT into three subgroups to sort out the contribution of body fat and visceral AT to the metabolic deterioration observed in men with IGT. The first subgroup was men with a BMI less than 25 kg/m 2 (non-obese controls). The second subgroup was composed of men with a BMI of 25 kg/m 2 or more but with a low visceral AT accumulation. The third subgroup was men with a BMI of 25 kg/m 2 or more and a high visceral AT accumulation. Groups were matched for fat mass on a group basis to have similar body fat mass in the two groups of overweight men with NGT and in the group of men with IGT. As expected, the two groups of overweight men with NGT and men with IGT were characterized by similar amounts of fat mass but these three subgroups showed significantly higher fat mass compared with the control group (Table 5) . Furthermore, visceral obese men with NGT and men with IGT showed a similar excess of visceral AT. Indices of insulin-glucose homeostasis as well as variables of the lipid-lipoprotein profile of men with IGT were significantly different from control men with the exception of the ratio of DI 30 : DG 30 as well as of HDL 3 -cholesterol and apoAI concentrations (Table 6). Significant differences in total cholesterol, triglyceride, apoB and LDL-apoB concentrations as well as in the cholesterol:HDL-cholesterol ratio and in all indicators of insulin-glucose homeostasis (except beta-cell function) were observed between men with IGT and men characterized by NGT and low amounts of visceral AT. Finally, despite statistically significant differences in indices of insulin-glucose homeostasis (except beta-cell function), no difference in the plasma lipid-lipoprotein profile was observed between men with IGT and men with NGT and high amounts of visceral AT. It is also important to note that for the same amount of visceral AT and fat mass, and for a similar age, men with NGT and men with IGT were not different in their plasma lipoprotein profile although there were important differences in variables related to their insulin-glucose homeostasis.
Discussion
Type II diabetes is a metabolically heterogeneous condition and is invariably preceded by IGT [37] . In this sense, IGT is not recognized as a disease in itself but rather as a risk for future development of diabetes [38, 39] , despite that IGT can also be a marker of CVD risk [40, 41] . Type II diabetes and IGT are associated with an increased CVD risk [1±6, 42±45]. Some recent studies have, however, suggested that the pri- mary cause of macrovascular damage is not necessarily hyperglycaemia [4, 46] . It has therefore been proposed that other factors must be involved to explain the increased CVD risk in hyperglycaemic states. A recent study has reported that the prevalence of peripheral arterial disease was greater in subjects with diabetes or IGT than subjects characterized by a NGT. After adjusting for either systolic blood pressure or plasma triglycerides, subjects with diabetes or IGT no longer had a statistically significant higher risk of peripheral arterial disease than subjects with NGT [46] . The authors concluded that increased mean concentrations of triglycerides and systolic blood pressure could help to explain the higher prevalence of peripheral arterial disease in diabetic and IGT subjects than those having a NGT. The main objective of our study was to verify whether the increased visceral AT accumulation found in men with IGT could explain the presence of an altered lipid-lipoprotein profile. When we adjusted for differences in visceral AT by covariance analysis, all differences in the lipid-lipoprotein profile observed between men with NGT and men with IGT were eliminated. As the adjustment for visceral AT accumulation also eliminated differences in body fat mass between the two groups, we then compared 1.04 ± 0. Our results suggest that, over the range of glycaemia found in our subjects with IGT, high amounts of visceral AT contributed more to the deterioration of the plasma lipid-lipoprotein profile than circulating glucose concentrations. As mentioned above, after adjustment for the amounts of visceral AT, all differences initially found in the lipid-lipoprotein profile between men with IGT and men with NGT were eliminated despite fasting glucose and 2-h post-OGTT glucose concentrations remaining significantly higher in men with IGT. Our results provide new information adding to an earlier report [12] that differences in obesity (as estimated by the BMI) were not sufficient to explain differences in lipid-lipoprotein profile suggesting that hyperglycaemia in itself explains the residual differences in lipid-lipoprotein profile between subjects with NGT and subjects with IGT. Our study suggests that control for visceral AT is a more powerful approach than adjustment for BMI to explain the deteriorated plasma lipoprotein profile of men with IGT.
The comparison of the four subgroups showed that fat mass in itself could make a trivial contribution to the deterioration of the lipid profile found in men with IGT compared with men characterized by a NGT. For instance, when we compared a group of men with NGT with low visceral AT accumulation but with a similar body fat mass to men with IGT, no difference in LDL-cholesterol as well as in HDL-cholesterol and HDL 2 -cholesterol were observed. An increased fat mass alone is therefore not sufficient to explain most of the differences found in the lipoprotein profile between men with NGT and men with IGT. Men with a high fat mass but with a low accumulation of visceral AT had statistically significantly lower levels of cholesterol, triglycerides, apoB, LDL-apoB as well as lower cholesterol:HDL-cholesterol ratios than men with a high visceral AT accumulation (either characterized by NGT or IGT), all these factors being recognized as important correlates of the CVD risk [53] . Men with NGT matched with men with IGT for fat mass and showing similar amounts of visceral AT to them, had, however, a lipid-lipoprotein profile which was similar to men with IGT, clearly showing the important contribution of visceral AT to the deterioration of the lipid-lipoprotein profile observed in men with IGT.
Thus, viscerally obese men with NGT had a deterioration of their lipid-lipoprotein profile similar to men with IGT despite remaining differences in indices of insulin secretion and insulin resistance. For the same level of visceral fat, men with IGT were characterized by a substantially lower DI 30 : DG 30 ratio than subjects with NGT, suggesting that the decreased early insulin secretion in men with IGT is probably mediated by additional factors more specific to the IGT state itself. In addition, for similar amounts of abdominal visceral AT, subjects with IGT continued to show higher concentrations of plasma insulin than men with NGT but both groups became similar for their lipid-lipoprotein profile. This suggests that, in this study, the deteriorated lipid-lipoprotein profile observed in men with IGT was more closely the result of a concomitant increase in visceral AT than of higher circulating insulin concentrations. We have to acknowledge that although plasma insulin concentration is a fair marker of insulin resistance in NGT states, the relation between insulin concentration and insulin resistance is different and weaker in IGT states. In other words, it is possible that a given concentration of plasma insulin does not reflect the same degree of insulin resistance in NGT compared with IGT people. The interpretation of our results for the respective contribution of visceral AT and insulin resistance to the deterioration of the plasma lipid-lipoprotein profile found in men with IGT are limited because we did not directly assess insulin resistance.
In our study, visceral AT appeared as an important contributor to the deterioration of the plasma lipid-lipoprotein profile observed in subjects with IGT. It is known that IGT can be reversed by physical activity on a regular basis, by using an appropriate diet or symptomatically by a pharmaceutical agent for treatment [54, 55] . In subjects with IGT, an improvement in glucose homeostasis is desirable but it should also be accompanied by an improved lipid-lipoprotein profile to substantially reduce CVD risk. We believe that weight loss, which is known to be associated with a preferential visceral AT loss among people with high amounts of visceral AT [56], can contribute considerably to the improvement of the lipid-lipoprotein profile. A recent study has shown that reduction in central abdominal fat (but not other body fat compartments) was associated with an improvement in the lipid profile, independently of Type II diabetes, suggesting that visceral abdominal fat loss is specifically related to such improvements [57] . Furthermore, visceral fat has been shown to be the most relevant factor for metabolic abnormalities and the effect of visceral AT on these variables to be independent of BMI [50] . Finally, we believe that it is important to identify people with IGT to prevent further aggravation of their hyperglycaemia and dyslipidaemia. We found, however, that men with NGT with amounts of visceral AT similar to men with IGT had a similar deterioration in their lipid-lipoprotein profile. It seems, therefore, that the identification of subjects with a high accumulation of visceral AT, irrespectively of their glucose tolerance status, is critical. Accordingly, it has been suggested that the measurement of waist girth might be a good tool to identify subjects with high visceral AT accumulation [58] .
Our results suggest that, in subjects with IGT, the increased visceral AT depot is a predominant factor in the deterioration of the lipid-lipoprotein profile. 
